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Abstract

This research has studied the characteristics of electric field and force induced by the field for (1) a

single particle under an applied electric field, (2) an isolated particle in a system of dielectric barrier,

and (3) a system of particles under an external field. Results of the studies may be summarized as

follows:

We have presented the method of images for calculating electric field in two-dimensional
arrangements. The method utilizes multipoles as the images to satisfy boundary conditions.
The images are given for planar or cylindrical boundaries between two dielectrics and for
those between a dielectric and a conductor. We introduce the use of three kinds of
multipole re-expansions, which enables the calculation of images in complicated
arrangements. The method has a clear advantage over using only line charges or line
dipoles when the arrangement under consideration consists of more than two objects. In
addition, the proposed method is also applicable to the estimation of the electric field and
force on a very long particle.

For the level of a single particle, the research is focused on (1) intersecting spherical
particle and (2) spheroid particle. In arrangements of intersecting conducting spheres, the
application of the method of images to the calculation of electric field is presented. The
method is applicable for cases of electrically floating, grounded, or energized conducting
spheres that intersect each other. Examples are given for two grounded intersecting
spheres of equal radii and those of different radii, respectively, under an external uniform
field. The results for the spheres of equal radii agree well with the analytical solutions for
the case of completely overlapped spheres and touching spheres, respectively. For the
spheres of different radii, the numerical results show that the method may also be used
when the degree of intersection is not too high.

For an isolated spheroidal particle with insulating membrane, we have analyzed the
membrane voltage and the polarization factor using a precise model, by which the
membrane has a uniform thickness. The analytical method is based on the harmonic
expansion of the field, to include the condition of the uniform membrane thickness as a
series expansion of the geometrical factor, and to solve the field problem as an interaction
of the harmonic components. The results clarified the effects of the applied model on the
membrane voltage and the polarization factor of the particle.

For an arrangement of a conducting sphere lying on a dielectric solid under a uniform field,
we have applied the analytical method of successively placing three infinite sequences of
point and dipole charges (zero- or first-order multipoles). The electric field is highest at the
contact point. Both the contact-point field and the force increase with the permittivity ratio
of the solid to that of the surrounding medium. The resulting force always attracts the

sphere to the solid. We have given very simple formulae for approximating the contact-



point field and the force which agree with the precise values within a difference of 3% for
permittivity ratios up to 32 and 64, respectively.

In an arrangement consisting of an uncharged conducting sphere and a plane electrode
with a dielectric barrier, the electric field is calculated by using the method of multipole
images using an iterative algorithm proposed for calculating the images of the dielectric
barrier of finite thickness. The calculation results show electric field intensification due to
the presence of the dielectric barrier having higher permittivity than that of the surrounding
medium; however, if the barrier is separated from the conducting sphere by at least the
sphere radius, its influence is negligible. Inside the dielectric barrier, the electric field on the
axis of symmetry becomes more uniform and the average field significantly increases with
decreasing its thickness. For a case where dielectric barrier is sufficiently thin, the electric
field at the contact point and the force on the conducting sphere vary approximately as
power functions of the permittivity ratio.

Studies on the system of particles have been done for an electrorheological (ER) fluid
system by using a multipole model that includes multipolar interactions between particles.
The model uses the multipole re-expansion and the method of images for calculating
electric field and force. The highest order of multipoles and the number of iterations used
in the method of images can be chosen for the accuracy of the force approximation and
the simulation time required. Study of a two-particle configuration shows that the force
does not increase linearly with increasing the order of multipoles and the number of
iterations. We have performed the simulation of a system of 20 and 67 particles, and
compared the formulation of particle chains with that obtained using the dipole model. The

results indicate significant difference when the multipole model is used in simulation.



